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(57) ABSTRACT 

When a load command is issued, ?rst it is decided Whether 
or not the subject address of the load command is stored in 
a storage buffer. If a hit occurs in the storage buffer, in other 
Words if data is present Which has this address, this data is 
output as load data. On the other hand, if no hit occurs in the 
storage buffer, a decision is made as to Whether or not said 
data is stored in a cache memory, and if said data is thus 
stored then, along With this data being read out as load data, 
the load data Which has been read out from this cache 
memory is stored in the storage buffer. 
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MEMORY DEVICE 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The present invention relates to a memory device Which 

comprises a storage buffer and a cache memory, and more 
particularly relates to a memory device designed to achieve 
enhanced performance and reduced electrical poWer con 
sumption. 

2. Description of Related Art Including Information Dis 
closed Under 37 CFR 1.97 and 37 CFR 1.98 

In conventional microprocessors, in order to increase the 
speed of data access to main memory Which is of high 
capacity but loW speed, the microprocessors have been 
Widely practiced of providing a cache memory Which is of 
loW capacity but high speed, thereby suppressing data access 
latency. In particular, in recent years, the difference betWeen 
the processing speed of the microprocessor and the external 
processing speed of the chips in the main memory etc. has 
gradually become remarkable, and the tendency has been to 
include a cache memory of greater and greater capacity in 
the processor. 

Further, With programs Which consume large quantities of 
data such as involved in multimedia processing, a cache 
memory With a large number of ports is provided, since the 
cache memory is required to supply a large quantity of data 
at one time, and microprocessors have also become more 
common Which are capable of simultaneously processing 
access by a plurality of load commands or store commands, 
and of simultaneously processing access by a load command 
or a store command and data transfer betWeen the main 
memory and the cache memory. In implementing such a 
multi-port cache memory, the cost upon the layout area is 
high if the memory cells themselves are made as multi-port. 
For this reason the cache memory is normally divided into 
smaller units, termed banks, and a bank interleave method is 
adopted for simultaneously processing accesses to each 
bank. In this case, it becomes possible to process accesses to 
different banks simultaneously. 

Normally, When a load command has been issued to a 
cache memory such as described above, processing is com 
pleted in a single pipeline stage, because cache tag reading 
out and hit decision, and reading out of cache data, are 
performed in parallel. On the other hand, When a store 
command has been issued, the data only comes to be 
actually Written after the cache tag reading out and the hit 
decision have been performed, and it has been determined 
Whether or not Writing is possible and the cache Way for 
Which Writing should be performed. Due to this, more 
processing time is taken for a store command than for a load 
command, and in general tWo or more pipeline stages are 
required. As a result, When a store command and a load 
command have been issued in sequence, the processing 
speed undesirably drops because the pipeline timings of 
accesses to the cache memory do not properly agree. 

In order to solve the above problem, there is a type of 
microprocessor Which, as Well as having a cache memory, is 
equipped With a so called storage buffer Which contains the 
store data due to store commands. In a microprocessor 
equipped With such a storage buffer, store data due to a store 
command is temporarily stored in the storage buffer, and 
pipeline timing adjustment for load commands and store 
commands becomes possible due to Writing being performed 
from the storage buffer into the cache memory, so that it is 
possible to ensure good processing speed even for store 
commands. 
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2 
Further, With a microprocessor equipped With the above 

described storage buffer, ef?ciency is attained even for 
speculative store commands due to branch commands or the 
like. 

For example, in recent years the practice of performing 
speculative execution of commands based upon a branch 
forecast mechanism has become Widespread, in order to 
execute pipeline operation for branch commands smoothly. 
In this branch forecast mechanism the destination of the 
branch is forecast, and the commands at the forecast desti 
nation of the branch are speculatively executed before the 
address of the destination of the branch is actually deter 
mined. 

In this case, it is necessary to cancel the commands Which 
have been speculatively executed When the forecast for the 
branch destination proves to be mistaken. HoWever, it is not 
easy to cancel the result of a store command Which has been 
Written into the cache memory. By contrast, it is easy to 
cancel the result of a store command Which has been Written 
into the storage buffer. Accordingly the data stored by a 
speculative store command is temporarily stored in the 
storage buffer, and is only Written into the cache memory 
from the storage buffer after it has been veri?ed that the 
branch forecast has succeeded, While if the branch forecast 
proves to be mistaken it is suf?cient to perform cancellation 
of this data stored by the speculative store command in the 
storage buffer. By doing this, it becomes possible to forecast 
the destination of the branch before the destination of the 
branch is actually veri?ed, and speculatively to execute the 
commands at the forecast destination of the branch Which 
include the store command. 

Further, the store data Which is stored in the storage buffer 
is the most recent data. Due to this, for subsequent load 
commands for the same address, it becomes possible to read 
out this data from the storage buffer, rather than from the 
main memory or the cache memory. Normally the storage 
buffer is equipped With a mechanism Which presents to 
subsequent load commands the store data Which have been 
stored in the storage buffer. Further, if a plurality of store 
commands have been issued for the same address, it is 
necessary to protect the store data for the earlier store 
commands in the storage buffer so that they are not 
destroyed by the store data for the subsequent store com 
mands. For this reason, such a storage buffer is usually 
implemented as a ?rst-in ?rst-out (FIFO) buffer, and is 
controlled so that Writing into the cache memory is per 
formed in order from the store data of the store command 
Which Was issued ?rst. Moreover, details of such storage 
buffers are disclosed, for example, in Japanese Unexamined 
Patent Applications, First Publication Nos. Hei 6-301600 
and Hei 8-36491. 
As described above, in application to a portable informa 

tion terminal or the like, on the one hand the demands upon 
the microprocessor for reduction of electrical poWer con 
sumption are becoming more and more strident, and on the 
other hand there is the problem that the proportion of the 
consumption of electrical poWer by the microprocessor due 
to the cache memory becomes greater, because of elevation 
of the operating frequency and increase of the capacity of the 
cache memory and increase in the number of its ports and 
the like. 

Further, if the number of access requests to the cache 
memory Which are simultaneously generated is greater than 
the number of ports possessed by the cache memory, then, 
since it becomes necessary to compel one or more of these 
accesses to Wait until a port becomes free, there is the 
problem that the processing performance is to this extent 
deteriorated. 
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Yet further, When implementing a multi-port cache 
memory according to the bank-interleave method, When 
so-called bank con?ict is generated in Which several 
attempts are made to access the same bank simultaneously, 
then, since it becomes necessary to process these accesses 
one at a time in order, there is the problem that the 
processing performance is to this extent deteriorated. 

BRIEF SUMMARY OF THE INVENTION 

In light of the above problem, an object of the present 
invention is to provide a memory device Which, along With 
reducing the electrical poWer consumption due to the cache 
memory, also reduces the proportion of port con?icts and 
bank con?icts Which occur, thus alleviating the reduction of 
processing capability entailed thereby. 

In order to attain the above-mentioned object, the present 
invention provides a memory device Which comprises a 
storage buffer Which temporarily maintains store data for a 
cache memory or a main memory, and in Which, if load data 
has been read out from said cache memory by a load 
command, said load data is stored in said storage buffer. 

Since by doing this the hit ratio of the storage buffer When 
executing load commands is improved and the number of 
accesses to the cache memory is reduced, the improved 
ef?ciency is obtained that it is possible to reduce the 
consumption of electrical poWer by the cache memory. 

Further, in this memory device, it is bene?cial that, When 
the load data Which have been read out from said cache 
memory by said load command is stored in said storage 
buffer, if a vacant entry exists in said storage buffer, said load 
data is stored in said vacant entry by said load command; 
While, if no vacant entry exists in said storage buffer, and 
moreover any entries in Which load data is stored exist in 
said storage buffer, said load data is stored in any one of said 
entries by said load command; and, if no vacant entry exists 
in said storage buffer, and moreover no entries in Which load 
data is stored exist in said storage buffer, said load data is not 
stored in said storage buffer by said load command. 

Further, in this memory device, it is bene?cial that, When 
store data is stored in said storage buffer by a store com 
mand: if an entry exists in said storage buffer in Which store 
data or load data are stored of Which the address is identical 
to the subject address of said store command, then said store 
data is stored in said entry by said store command; if no 
entry exists in said storage buffer in Which store data or load 
data are stored of Which the address is identical to the subject 
address of said store command, and moreover a vacant entry 
exists in said storage buffer, then said store data is stored in 
said vacant entry by said store command; and, if no entry 
exists in said storage buffer in Which store data or load data 
are stored of Which the address is identical to the subject 
address of said store command, and moreover no vacant 
entry exists in said storage buffer, and moreover any entry 
exists in said storage buffer in Which load data is stored, then 
said store data is stored by said store command in any one 
of said entries in Which load data is stored. 

Since doing this it is possible to use the entries in the 
storage buffer effectively, the probability is increased that a 
load command or a store command Which is issued subse 
quently should make a hit in the storage buffer. Since as a 
result the frequency of accesses to the cache memory is 
reduced, it is possible to reduce the consumption of electri 
cal poWer during access. 

Moreover, if store data is stored in all the entries, and the 
addresses of all the store data are different, then it Will be 
acceptable to terminate the execution of the store command 
until a vacant entry is available. 
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Further, in this memory device, if during the execution of 

said load command it becomes apparent that store data or 
load data Whose address is the same as the subject address 
of said load command is stored in said storage buffer, then 
it is bene?cial that said store data or load data is read out 
from said storage buffer and is transferred as the result of the 
execution of said load command. 

Further, in this memory device, if during the execution of 
said load command it becomes apparent that store data or 
load data Whose address is the same as the subject address 
of said load command is stored in said storage buffer, then 
it is bene?cial that access to said cache memory and said 
main memory is terminated in the time period during Which 
said store data or load data is being read out from said 
storage buffer and is being transferred as the result of the 
execution of said load command. 

Further, in this memory device, it is bene?cial that, during 
the execution of a store command of Which the subject is 
only a portion of the bytes Within a Word, When storing the 
store data for said store command in said storage buffer, if 
an entry exists in said storage buffer in Which store data or 
load data are stored of Which the address is identical to the 
subject address of said store command, and also store data 
is stored by said store command in said entry, then store data 
is stored by said store command in the byte positions Which 
are designated as the store subject of said store command, 
While the contents of the byte positions Which are not 
designated as the store subject of said store command are 
kept at their previous values Without being overWritten. 
By doing this, it is ensured that alWays only the most 

recent data is stored in the storage buffer. Even if it happens 
that data for the same address as one Whose data cannot be 
overWritten has been supplied as store data and it is neces 
sary to Write it into a different entry, it becomes possible to 
use the entry effectively, since the store data can be over 
Written for the same address, by contrast With the prior art 
in Which the entry could not be effectively used. 

Further, in this memory device, it is bene?cial that, during 
the execution of a store command of Which the subject is 
only a portion of the bytes Within a Word, When storing the 
store data for said store command in said storage buffer, if 
no entry exists in said storage buffer in Which store data or 
load data are stored of Which the address is identical to the 
subject address of said store command, and moreover a 
vacant entry exists Within said storage buffer, then the data 
Whose address is identical With the subject address of said 
store command is read out from said cache memory or said 
main memory, and said data is stored in the byte positions 
Which are not designated as the store subject of said store 
command, While store data is stored by said store command 
in the byte positions Which are designated as the store 
subject of said store command. 
By doing this, it becomes possible to store in the storage 

buffer store data for Which the entire Word is valid and Which 
moreover is the most recent, even if no hit has occurred for 
the store command in the storage buffer. Due to this, the 
ef?ciency is obtained that the probability of a hit in the 
storage buffer by a subsequent load command is enhanced. 

Further, in this memory device, it is bene?cial that store 
data is not stored in some of the entries in said storage buffer, 
and only load data is stored therein. 

Since by doing this it is possible, When executing a load 
command, securely to store in the storage buffer the load 
data Which has been read out from the cache memory, 
therefore it is possible further to increase the probability of 
hits in the storage buffer by subsequent load commands. 
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Further, in this memory device, it is bene?cial that, When 
Writing store data Which have been stored in said storage 
buffer from said storage buffer into said cache memory, 
Writing is performed into said cache memory in any order 
from among those of said store data Which are stored in said 
storage buffer Which have become writable. 

Since by doing this it is possible to utiliZe the vacant 
entries in the storage buffer ef?ciently, accordingly it is 
possible to reduce the deterioration of processing perfor 
mance due to the storage buffer becoming full of store data 
and the execution of commands being terminated. Further, 
the probability of subsequent load commands hitting in the 
storage buffer is enhanced, since the frequency of storing 
load data in the storage buffer When executing a load 
command is increased. 

According to the above structure, the storage buffer is 
searched When executing a load command, and, if store data 
or load data is present Whose address is the same as the 
subject address of loading, then transfer of this data as load 
data from the storage buffer is performed, and no access is 
made to the cache memory. In other Words, in comparison 
With the prior art, the number of accesses to the cache 
memory comes to be reduced by the proportion in Which hits 
occur upon load data Which is stored in the storage buffer. 
Since the capacity of the storage buffer is very much less 
than that of the cache memory, the consumption of electrical 
poWer during access to it is less. Accordingly, the ef?ciency 
is obtained that it is possible to reduce the consumption of 
electrical poWer by reducing access to the cache memory. 

Further, if load data for a load command has been read out 
from the cache memory, this load data is stored in the storage 
buffer. Usually it is quite frequent for load data to be 
reloaded by a load command, by contrast With the case of 
data Which has been stored by a store command being loaded 
by an immediately folloWing load command, Which is 
unusual. 

Thus, by load data Which has been read out from the cache 
memory being stored in the storage buffer as described 
above, the frequency of hits in the storage buffer for load 
commands is increased, and it becomes possible to reduce 
the frequency of accesses to the cache memory. 

Further, With the memory device of the present invention, 
by reducing accesses to the cache memory, the frequency of 
generation of port con?icts in the cache memory is reduced. 
Moreover, even in the case of a multi-port cache memory 
implemented according to a bank interleave method, the 
probability of generation of bank con?ict is reduced by the 
reduction of accesses to the cache memory. 

As a result it becomes possible to implement a memory 
device comprising a cache memory, in Which the hardWare 
cost and the consumption of electrical poWer are reduced, 
and in Which moreover the probability of generation of port 
con?ict and bank con?ict is small. 

Further, since the frequency of generation of port con?icts 
for the cache memory is reduced by reducing the number of 
accesses to the cache memory, it is possible to suppress 
deterioration of processor performance caused by port con 
?ict. 

And, furthermore, in the case of a memory device com 
prising a cache memory Which is a multi-port memory 
implemented according to a bank interleave method, since 
the probability of generation of bank con?ict is reduced by 
reduction of accesses to the cache memory, it is possible to 
suppress deterioration of performance caused by port con 
?ict. 
As a result, it is possible to reduce the consumption of 

electrical poWer When accessing the cache memory, and 
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further, since the rate of generation of bank con?icts and port 
con?icts is also reduced, the efficiency is obtained of making 
it possible to maintain processing poWer. 

BRIEF DESCRIPTION OF THE SEVERAL 
VIEWS OF THE DRAWING 

FIG. 1 is a block diagram shoWing the structure of a 
memory device according to a ?rst embodiment of the 
present invention; 

FIG. 2 is a timing chart shoWing the operation When a hit 
has occurred in a storage buffer during the execution of a 
load command, according to the ?rst embodiment; 

FIG. 3 is a timing chart shoWing the operation When a 
miss has occurred in the storage buffer during the execution 
of a load command, according to the ?rst embodiment; 

FIG. 4 is a diagram shoWing a concrete example of the 
operation of the storage buffer for the execution of a load 
command, according to the ?rst embodiment; 

FIG. 5 is a diagram shoWing another concrete example of 
the operation of the storage buffer for the execution of a load 
command, according to the ?rst embodiment; 

FIG. 6 is a timing chart shoWing the operation When a hit 
has occurred in the storage buffer during the execution of a 
store command, according to the ?rst embodiment; 

FIG. 7 is an explanatory ?gure for explanation of the data 
structure When only a portion of the bytes are to be Written 
into the storage buffer, according to the ?rst embodiment; 

FIG. 8 is a timing chart shoWing the operation When a 
miss has occurred in the storage buffer during the execution 
of a store command, When only a portion of the bytes are to 
be Written into the storage buffer, according to the ?rst 
embodiment; 

FIG. 9 is an explanatory ?gure for explanation of the data 
structure When a miss has occurred in the storage buffer 
during the execution of a store command, When only a 
portion of the bytes are to be Written into the storage buffer, 
according to the ?rst embodiment; and: 

FIG. 10 is a block diagram shoWing the structure of a 
memory device according to a second embodiment of the 
present invention. 

DETAILED DESCRIPTION OF THE 
INVENTION 

Next, preferred embodiments of the present invention Will 
be explained in detail With reference to the ?gures. FIG. 1 is 
a block diagram shoWing the structure of a memory device 
according to a ?rst preferred embodiment of the present 
invention. In this ?gure, the memory device comprises a 
storage buffer 1, a cache memory 20, a selector 30, and an 
aligner 31. 

In the above described storage buffer 1, a tag buffer 10 
maintains valid and invalid bits for each entry in said storage 
buffer 1, and the Word addresses of the store data and the 
load data Which are stored in its entries. It should be noted 
that by “Word address” is meant the address in Word units, 
With the offset portion Within the Word deleted or ignored 
from the byte address Which is the address in normal byte 
units. A comparator circuit 11 decides Whether or not the 
subject address of a store command or a load command is 
stored in said storage buffer 1, and outputs a signal based 
upon the result of this decision. The data buffer 12 maintains 
the store data or the load data Which is stored in this storage 
buffer 1 in Word units. By doing this, the storage buffer 1 
maintains in Word units the store data or the load data Which 
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have been lined up to Word address boundaries. The storage 
buffer 1 further comprises a selector 13 and an aligner 14. 

Further, in the cache memory 20, a tag array 21 maintains 
the addresses and the line states etc. of the cache lines Which 
are stored in said cache memory 20, and a data array 22 
maintains the data of these cache lines Which are stored in 
the cache memory 20. A comparator circuit 23 decides 
Whether or not the subject address of a load command or a 
store command is stored Within said cache memory 20, and 
a selector 24 outputs data from the data array 22 based upon 
the output of the comparator circuit 23. 
NoW, for the cache memory 20 and the storage buffer 1 of 

the above structure, the sequence of events When a load 
command has been issued Will be explained With reference 
to FIGS. 2 and 3. It should be understood that the execution 
of the load command is performed in tWo successive clock 
cycles, as shoWn in clock signal of FIG. 2 and clock signal 
of FIG. 3. 

First, When the load command is issued, in the ?rst clock 
cycle the subject address of the load command (in the 
folloWing, termed the “load command subject address”) is 
input via the address line 40 to the tag array 21, the data 
array 22, and the comparator circuit 23 in the cache memory 
20, and to the tag buffer 10 and the comparator circuit 11 in 
the storage buffer 1 (load address 40 of FIG. 2). Next, in the 
storage buffer 1, the addresses stored in each entry in the tag 
buffer 10 are compared by the comparator circuit 11 With the 
load command subject address. It should be noted that this 
comparison is performed for each entry in parallel. In the 
event of a result, ie in the case of a hit in the storage buffer 
1 When the address Which is stored in some entry agrees With 
the load command subject address, then the comparator 
circuit 11 outputs a hit signal to the cache memory 20 and 
the selector circuit 30 via the data buffer 12 and the signal 
line 43 (store buffer hit signal 43 of FIG. 2). 
When the hit signal from the comparator circuit 11 has 

been input to the data buffer 12, in the second clock cycle the 
data buffer 12 outputs to the selector circuit 30 via the data 
line 45 the load data or store data Which are stored Within the 
entry Which has been hit (store buffer read data 45 of FIG. 
2). When the hit signal is inputted to the selector circuit 30 
via the data line 43 from the comparator circuit 11, and also 
the data read out from the data buffer 12 by the data line 45 
is supplied, then the selector circuit 30 outputs this read out 
data to the aligner circuit 31. The aligner circuit 31 performs 
lining up of the read out data as required, and transfers it via 
the data line 47 as load data (load data of FIG. 2). 

In this connection, When the cache memory 20 inputs a hit 
signal from the comparator circuit 11 via the data line 43, it 
recogniZes that a hit in the storage buffer 1 has occurred, and 
it terminates the read out operation due to the load com 
mand. This is accompanied by stopping of the clock signal 
Within the cache memory, stopping of address latch 
operation, stopping of sense ampli?er operation, and the 
like. 

On the other hand, if no address Which agrees With the 
load command subject address has been found to be stored 
in any entry in the tag buffer 10, in other Words if a miss has 
occurred in the storage buffer 1, then no hit signal is output 
by the comparator circuit 11 in the ?rst cycle (store buffer hit 
signal 43 of FIG. 3). Due to this, the cache memory 20 
recogniZes that a miss has occurred in the storage buffer 1. 
In this case, the cache memory 20 performs the folloWing 
operations in the second clock cycle. 

First, the tag array 21 searches for the tag Which indexes 
the bits of a portion of the address Which has been input via 
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the address line 40, and extracts said tag and outputs it to the 
comparator circuit 23. Further, simultaneously With this, the 
data array 22 outputs the data to the selector circuit 24. It 
should be understood that, for a cache memory of the 
directly mapped type, the tag and data Which are output here 
each are one in number, While for a cache memory of the set 
associative type only the associated number is output. 
The comparator circuit 23 compares the tag Which has 

been read out from the tag array 21 With the load command 
subject address Which has been input via the signal line 40, 
and outputs the result of this comparison via the signal line 
42 to the selector circuits 24 and 30 (data cache hit signal 42 
of FIG. 3). Based upon the result of this comparison of the 
tag Which has been input from the comparator circuit 23, the 
selector circuit 24 selects, from among the data Which has 
been read out from the data array 22, the data corresponding 
to the address Which has been hit by the comparator circuit 
23, and outputs it via the data line 44 to the selector circuit 
30 and to the selector circuit 13 in the storage buffer 1 (data 
cache read data 44 of FIG. 3). 
The selector circuit 30 outputs to the aligner circuit 31 the 

data Which are read out from the cache memory 20 via the 
data line 44. The aligner circuit 31 performs lining up of the 
read out data as required, and transfers it via the data line 47 
as load data (load data of FIG. 3). 

Simultaneously, in the storage buffer 1, storage operation 
is performed for the data Which has been read out from the 
cache memory 20. In concrete terms, the data Which has 
been read out from the cache memory 20 is input to the data 
buffer 12 via the data line 44 and the selector circuit 13 (store 
buffer Write data 15 of FIG. 3). 

Further, the address of this data is input to the tag buffer 
10 via the address line 40. If any vacant entries are available 
in the storage buffer 1, the above described data and address 
are stored in one of these vacant entries. If there is no vacant 
entry, but there are entries in Which load data is stored, then 
the above described data and address are stored in one of 
these entries. If store data is stored in all the entries in the 
storage buffer 1, then no such storage is performed, since 
there is no vacant entry and also there is no entry in Which 
load data is stored. 

Further, it may happen that data Which is stored in the 
storage buffer 1 may be transferred by a subsequent load 
command Whose subject address is the same. Since in this 
case access to the cache memory 20 is terminated as 

explained earlier, additional ef?ciency is obtained, because 
the consumption of electrical poWer is diminished, and the 
frequency of occurrence of port con?ict and bank con?ict is 
reduced. 

Next, the operation of the storage buffer 1 described 
above Will be explained in detail using a concrete example. 
FIG. 4 is a ?gure shoWing the detailed structure of the 
storage buffer 1. It should be noted that here it is supposed 
that the number of entries in this storage buffer 1 is 4, and 
that each entry in its data buffer 12 consists of 2-byte data. 

Referring to FIG. 4, the tag buffer 10 comprises tags 101a 
through 101d for four entries and a single selector circuit 
102. 
The tags 101a through 101d are made up from three 

regions: a store data valid bit SV, a load data valid bit LV, 
and an address region. If the store data valid bit SV is “1”, 
then this means that store data is stored in this entry, While 
if the store data valid bit SV is “0”, then this means that store 
data is not stored in this entry. In the same manner, if the load 
data valid bit LV is “1”, then this means that load data is 
stored in this entry, While if the load data valid bit LV is “0”, 
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then this means that load data is not stored in this entry. The 
address region stores the Word address portion of the address 
of the load data or the store data Which is input via the 
address line 40. The selector circuit 102 selects the address 
from each entry and outputs it to the address line 46. 

The comparator circuit 11 comprises comparators 111a 
through 111d for the four entries, and an OR circuit 112. The 
comparators 111a through 111d compare the addresses of the 
entries Which are input from the tag buffer 10 and the Word 
address portion of the address Which is provided by the 
address line 40, and output the results of these comparisons 
to the OR circuit 112 and the data buffer 12. The OR circuit 
112 outputs a hit signal to the signal line 43 if any one of the 
entries agrees, by taking the logical sum of the comparison 
results for the entries. 

The data buffer 12 comprises buffers 121a through 121d 
for the four entries, and a selector circuit 122. The buffers 
121a through 121d keep the load data or store data input 
from the data line 15. The selector circuit 122 outputs to the 
data line 45 the data for the entry Which has been hit, based 
upon the result of comparison from the comparator circuit 
11. 

For example, for the tag 101a of the present entry #1, the 
value in the store data valid bit SV is “0”, the value in the 
load data valid bit LV is “1”, and the 16-bit Word address in 
the address region is “0004” in hexadecimal format, While 
the data value “0101” is stored in the data buffer 121a for 
entry #1. This means that in entry #1 there is stored the load 
data “0101” for the address “0004”. Here, it is supposed that 
one Word is made up of tWo bytes, With the third through the 
sixteenth bits Within each sixteen bit address giving the Word 
address, While the ?rst and the second bit select the byte 
Within that Word. 

In the same manner, since for the tag 101b of entry #2 the 
value in the store data valid bit SV is “1”, the value in the 
load data valid bit LV is “0”, and the Word address in the 
address region is “0010”, While the data value “0202” is 
stored in the data buffer 121b for entry #2, this means that 
in entry #2 there is stored the store data “0202” for the 
address “0010”. 

In the same manner, for the tag 1016 of entry #3 the value 
in the store data valid bit SV is “0”, the value in the load data 
valid bit LV is “1”, and the Word address in the address 
region is “0028”, While the data value “0303” is stored in the 
data buffer 121c for entry #3, and this means that in entry #3 
there is stored the load data “0303” for the address “0028”. 
On the other hand, although the Word address stored in the 
address region of the tag 101d of entry #4 is “0028”, the 
values stored in the store data valid bit SV and in the load 
data valid bit LV are both “0”, and this means that neither 
load data nor store data is stored in this entry #4. 

The sequence of events that occur With this storage buffer 
in Which the above described tags and data are stored, When 
a load command for the address “002a” has been issued, Will 
noW be explained. 

First, the subject address “002a” of the load command is 
input via the address line 40 to the comparators 111a through 
111d Which are provided for each entry. Each comparator 
111a through 111d decides Whether or not the address Which 
is stored in the tag for its entry agrees With the subject 
address “002a”, and also decides Whether or not the load 
data valid bit LV of the tag is “1” or the store data valid bit 
SV is “1”. 

It should be noted that, since the comparators 111a 
through 111d according to this embodiment compare the 
Word addresses, in other Words the third through the six 

10 

15 

20 

25 

30 

35 

40 

45 

55 

65 

10 
teenth bits of the addresses, therefore, in actual detail, the 
subject address “002a” of the load command Will agree With 
“0028”, “0029”, “002a”, and “002b”. 

Since the result is that the address of the tag stored in entry 
#3 is “0028”, and moreover the load data valid bit LV is “1”, 
therefore it is decided that the load command subject address 
agrees With “002a”, and the comparator 111c outputs a hit 
signal to the OR circuit 112 and to the selector 122. 

On the other hand, although the address “002a” agrees 
With the address “0028” Which is stored in entry #4, since 
both the load data valid bit LV and the store data valid bit SV 
of entry #4 are “0” and therefore neither load data nor store 
data are stored in entry #4, accordingly the comparator 111d 
for entry #4 does not output any hit signal. 
As a result, the selector circuit 122 outputs the data 

“0303” Which is stored in the data buffer 121c for entry #3 
as load data to the data line 45, based upon the hit signal for 
entry #3 from the comparator 111c. 

Next the sequence of events that occur When a load 
command for the address “0020” is issued, for example, 
With the addresses and data stored in the entries #1 through 
#4 still in the same state as above, Will noW be explained. 
First, the load command subject address “0020” is input via 
the address line 40 to the comparators 111a through 111d 
Which are provided for each entry. Each of the comparators 
111a through 111d decides that the result of comparison 
betWeen the address stored in its entry and the address Which 
is input is that they do not agree, and therefore none of them 
outputs a hit signal. Accordingly no hit signal is output to the 
signal line 43, and as a result it comes about that the load 
command for the address “0020” accesses the cache 
memory 20. 

It Will be supposed that the result of accessing the cache 
memory 20 is a hit and that the load data value “0505” is 
read out. The load data that has been read out from the cache 
memory 20 is input to the data buffer 12 via the data line 15, 
as shoWn in FIG. 5. 

Here if, as With entry #4, an entry exists in Which neither 
load data nor store data is stored, then the load data Which 
has been read out from the cache memory 20 is stored in this 
entry. In detail, as shoWn in FIG. 5, the subject address 
“0020” of the load data command is stored in the address 
region of the tag 101d of entry #4, “1” is stored in its load 
data valid bit LV, “0” is stored in its store data valid bit SV, 
and the load data “0505” is stored in the data buffer 121d for 
entry #4. 

In this manner, if a miss has occurred in the storage buffer 
1 and data has been read out from the cache memory 20, the 
probability of a hit in the storage buffer 1 for a subsequent 
identical load command is increased by storing this data in 
a vacant entry of the storage buffer 1. 

Next, the sequence of events that occur When a store 
command has been issued Will be explained With reference 
to FIG. 6. It should be understood that the execution of the 
store command takes place over tWo successive clock 
cycles, just as With the load command described above. 

First, When the store command is issued, in a ?rst clock 
cycle the subject address of the store command (hereinafter 
termed the “store command subject address”) is input (store 
address 40 of FIG. 6) via the address line 40 to the tag array 
21, the data array 22, and the comparator circuit 23 of the 
cache memory 20, and to the tag buffer 10 and the com 
parator circuit 11 of the storage buffer 1. 

Next, the address stored in each entry in the tag buffer 10 
and the store command subject address are compared by the 
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comparator circuit 11 in the storage buffer 1. It should be 
understood that this comparison is performed for each entry 
in parallel. If the result is that the address stored in one of 
these entries agrees With the store command subject address, 
ie in the event of a hit in the storage buffer 1, then the 
comparator circuit 11 outputs (store buffer hit signal 43 of 
FIG. 6) a hit signal via the data buffer 12 and the signal line 
43 to the cache memory 20 and the selector circuit 30. 

When the hit signal from the comparator circuit 11 is input 
to the data buffer 12, in the second clock cycle, the Writing 
of the store data is performed into this entry Which has been 
hit. In concrete terms, the store data is supplied to the storage 
buffer 1 via the data line 41 (store data 41 of FIG. 6), and is 
input to the data buffer 12 via the aligner circuit 14, the 
selector circuit 13, and the data line 15 in the storage buffer 
1 (store buffer Write data 15 of FIG. 6). It should be 
understood that the address of the store data is stored in the 
tag buffer 10 simultaneously With storage of the store data in 
the data buffer 12, since this address of the store data is input 
to the tag buffer 10 via the address line 40. 

Moreover, it may happen that only a portion of the bytes 
in a Word are designated as the subject of storage in the store 
command. In storing a store command of this type in the 
storage buffer 1, usually the store data is presented in the 
data line 41 arranged as formatted in the descending byte 
direction. Due to this, after the byte position for storage 
being moved by the aligner circuit 14 to the byte position 
Within the Word Which is designated by the store command 
subject address, in the data buffer 12, Writing in 
(overWriting) is only performed for the byte position for 
storage Within the Word. 

In the folloWing, the sequence of events that occur When 
a store command has been issued Which designates only a 
portion of the bytes in a Word as the subject of storage Will 
be explained in detail With reference to FIG. 7. It Will be 
supposed in this example that, as shoWn in FIG. 7, the Word 
length is 32 bits and the byte length is 8 bits, so that each 
Word contains 4 bytes; and these bytes Will be referred to, 
starting With the least signi?cant byte, as the Zeroth byte, the 
?rst byte, the second byte, and the third byte. 

In other Words, if from the least signi?cant bit the 32 bits 
in each Word are termed the Zeroth bit, the ?rst bit, . . . the 

31st bit, then (byte position in Word data of FIG. 7) the 8 bits 
from the Zeroth bit through the 7th bit Will be termed the 
Zeroth byte, the 8 bits from the 8th bit through the 15th bit 
Will be termed the ?rst byte, the 8 bits from the 16th bit 
through the 23rd bit Will be termed the second byte, and the 
8 bits from the 24th bit through the 31st bit Will be termed 
the third byte. 

If it is supposed that, for the byte data described above, a 
store command has been issued Which performs storage in 
the second byte position only, then the byte data of the store 
subject are input via the data line 41 to the aligner circuit 14 
in the format as arranged in the descending byte direction as 
shoWn in data line 41 for store data of FIG. 7, ie in the 
format With the store data stored in the Zeroth byte position. 
The aligner circuit 14 moves (aligner circuit 14 of FIG. 7) 
the store data provided in the Zeroth byte position to the byte 
position for storage, ie to the second byte position. It should 
be understood that the byte position of the store subject can 
be obtained from the loWermost 2 bits, ie from the Zeroth 
bit and the ?rst bit, of the store command subject address. 
Further, the data stored in byte positions other than those in 
Which the store data is stored is arbitrary. 
When the store data has been moved by the aligner circuit 

14 to the byte position in Which it should be stored, said store 
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data is input to the data buffer 12 after it has been input to 
the selector 13 via the signal line 16. The data buffer 12 
performs storage in the entry in Which the data for the same 
Word address is stored. HoWever, What is stored is not all the 
bytes in the entry, but is only the second byte of the store 
subject, While it Will be supposed that for the other byte 
positions the previous values are maintained Without any 
change. By doing this it is ensured that the store data Which 
is stored in the storage buffer 1 alWays consists of Words 
Which are entirely valid and moreover are the most recent 
ones, even in this case that a store command has been issued 
Which performs storage only in a portion of a byte. In other 
Words, it becomes possible to transfer data from the storage 
buffer 1 for a load command Which loads an entire subse 
quent Word. 

Next, the sequence of events that take place When a miss 
has occurred in the storage buffer When executing the above 
described store command, ie when the address Which 
agrees With the store command subject address is not stored 
in any entry in the tag buffer 10, Will be explained With 
reference to FIG. 8. 

First, if a miss has occurred in the storage buffer 1, no hit 
signal is outputted by the comparator circuit 11 in the ?rst 
clock cycle (store buffer hit signal 43 of FIG. 8). 

Here, if the store command Which has been issued is a 
store to an entire Word, then the store data provided in the 
data line 41 is stored in the data buffer 12, and further the 
address provided in the address line 40 is stored in the tag 
buffer 10. Moreover, the entry of the tag buffer and the data 
buffer to store is an entry Which is empty, or an entry Which 
is not empty and in Which load data is stored. 
On the other hand, if the store command Which has been 

issued is not a store to an entire Word but has as its subject 
a speci?ed byte only, then in the second clock cycle the 
cache memory 20 is accessed. In the cache memory 20, ?rst, 
the tag array 21 searches out the tag Which indexes a portion 
of the bits of the address Which Was inputted via the address 
line 40, and extracts these tags and outputs them to the 
comparator circuit 23. Further, simultaneously With this, the 
data array 22 outputs the data to the selector circuit 24. 
The comparator circuit 23 compares the tag read out from 

the tag array 21 and the store command subject address 
Which has been inputted via the signal line 40, and outputs 
the result obtained by this comparison via the signal line 42 
to the selector circuits 24 and 30 (data cache hit signal 42 of 
FIG. 8). Based upon the result of comparison Which has been 
inputted from the comparator circuit 23, the selector circuit 
24 selects the data from among the data read out from the 
data array 22 Which correspond to the address Which Was hit 
by the comparator circuit 23, and outputs it via the data line 
44 to the selector circuit 30 and the selector circuit 13 in the 
storage buffer 1 (data cache read data 44 of FIG. 8). 
On the other hand the store data of the store subject is 

inputted to the aligner 14 in the storage buffer 1 in the second 
clock cycle, irrespective of Whether or not a hit has occurred 
in the storage buffer. Since this store data is presented in the 
data line 41 in arranged format, it is output to the selector 
circuit 13 after having been moved to the byte position 
stored by the aligner circuit 14, as shoWn in data line 41 for 
store data of FIG. 7. The selector 13 combines the store data 
Which have been input by the aligner circuit 14 and the data 
Which have been read out from the cache memory 20, and 
outputs them to the data buffer 12 via the signal line 15; and, 
in the data buffer 12, the store data Which have been input 
are stored either in a vacant entry, or in an entry Which is not 
an empty entry but in Which load data is stored (store buffer 
Write data 15 of FIG. 8). 
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In the following, the sequence of events that take place 
When a store command has been issued Which designates 
only a portion of the bytes in a Word as the subject of 
storage, and also a miss has occurred in the storage buffer, 
Will be explained in detail With reference to FIG. 9. It should 
be understood that the Word length and the byte length are 
supposed to be the same as in the case shoWn in FIG. 7. 

For example, noW suppose that a store command has been 
issued to perform storage only in the second byte position. 
The byte data to be stored, arranged in the descending byte 
direction format, are presented in the Zeroth byte position of 
the data line 41 (data line 41 for store data of FIG. 9). The 
aligner circuit 14 moves the byte data Which have been 
presented in the Zeroth byte position and Which are to be 
stored to the address position in Which they are to be stored, 
in other Words to the second byte position (aligner circuit 14 
of FIG. 9). 

Further, simultaneously With this, the previous data at the 
same address is read out from the cache memory 20 on the 
data line 44. The entire Word of the data, in other Words all 
the bytes, are valid. The selector circuit 13 selects the output 
of the aligner circuit 14 for the byte position for Which 
storage is to be performed, in other Words for the second 
byte, and for the other bytes selects the data on the data line 
44, and outputs to the data buffer 12 (selector circuit 13 of 
FIG. 9). 

Accordingly, the data in the data buffer 12 Which is valid 
for the entire Word and Which is the most recent is output. 
The data buffer 12 stores this entire data item, in other Words 
all the bytes thereof. By doing this, even if a store command 
has been issued Which performs storage only of a portion of 
the bytes, it is ensured that the store data Which is stored in 
the storage buffer 1 is alWays data for Which the entire Word 
is valid and Which is the most recent. In other Words, it is 
possible to transfer data from the storage buffer 1 With a 
subsequent load command Which loads an entire Word. 

In the above, the operation according to a ?rst preferred 
embodiment of the present invention has been explained for 
load commands and store commands, for When a hit has 
occurred in the storage buffer 1 and for When a miss has 
occurred in the storage buffer 1, and for When a hit has 
occurred in the cache memory 20. 

Moreover, if a miss has occurred in the storage buffer 1 
and also a miss has occurred in the cache memory 20 as Well, 
then, after the data Which has been read out from the main 
memory or from a secondary cache memory has been stored 
in the cache memory 20, said data Which has been read out 
from the cache memory is Written into the storage buffer 1. 

MeanWhile, in the same manner as With a prior art 
non-blocking type cache memory, it is possible ?rst to 
execute items Which are hit in the storage buffer 1 or in the 
cache memory 20 by subsequent load commands or store 
commands. 

Furthermore, When it becomes possible to Write store data 
Which are stored in the storage buffer 1 into the cache 
memory 20, they are transferred into the cache memory 20 
and are deleted from the storage buffer 1. Here, it may 
become possible to Write into the cache memory 20 because 
the execution of the store command Which stored the store 
data in the storage buffer 1 is con?rmed and it is guaranteed 
that revocation of this execution has not occurred, or 
because the address of the store data is hit Within the cache 
memory 20. 

In more detail, output takes place from the data buffer 12 
via the data line 45, and storage takes place into the data 
array 22 of the cache memory 20. Simultaneously, the 
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address of this store data is output from the tag buffer 10 via 
the address line 46, and is stored into the tag array 21 of the 
cache memory 20. 

Further, if a miss has occurred in the cache memory 20, 
in the same manner as described above When a hit occurs in 
the cache memory 20, after the cache line data of the address 
for Which the miss has occurred has been stored in the cache 
memory 20 from the main memory or from the secondary 
cache memory, the address of the store data Which is stored 
in the storage buffer 1 is stored in the cache memory 20, and 
is deleted from the storage buffer 1. 

Further, With the storage buffer 1 of this ?rst preferred 
embodiment, only one item of store data With the same 
address exists, and this data item is alWays the most recent 
one. Yet further, if a hit occurs in the cache memory 20, this 
data is an entire Word; in other Words, all its bytes are valid. 
This means that, in contrast to the case for a prior art storage 
buffer, Writing in from any store data Which has become 
Writable into the cache memory 20 can be performed in any 
order. In other Words, if the store data for some entry in the 
cache memory 20 is erroneous, While Waiting for the data at 
this address to be Written into the cache memory 20 from the 
main memory or the secondary cache memory, Writing can 
be performed ?rst for other store data Which are hit in the 
cache memory 20. Accordingly the additional ef?ciency is 
obtained of reducing deterioration of processing perfor 
mance due to the execution of commands being halted by the 
storage buffer becoming full of store data, since it is possible 
to empty entries in the storage buffer ef?ciently. 

Moreover, although With the memory device of this ?rst 
preferred embodiment it becomes impossible to perform 
storage of load data if store data is stored in all the entries 
in the storage buffer 1, by contrast it Will be acceptable to 
obtain the entries in Which load data only is stored, and to 
make it possible alWays to store load data. 

Further, With the memory device according to this ?rst 
preferred embodiment, although both load commands and 
store commands are executed in tWo successive clock 
cycles, it is possible, While some command is executing the 
processing of its second clock cycle, for some other com 
mand to perform the processing of its ?rst clock cycle, since 
the pipeline stages for the respective cycles are independent. 
In other Words, it is possible for a load command or a store 
command to be issued and to be executed in each clock 
cycle. Moreover, the number of clock cycles over Which a 
load command or a store command is executed is not limited 
to tWo. 

Further, although in this ?rst preferred embodiment of the 
memory device according to the present invention the capac 
ity of the tag buffer 10, the comparator circuit 11, and the 
data buffer 12 Was four entries, this number of entries is not 
to be considered as limitative of the present invention. 

Next, a second preferred embodiment of the memory 
device of the present invention Will be explained With 
reference to FIG. 10. This second preferred embodiment 
memory device comprises a storage buffer 201 Which has 
tWo ports, a cache memory 220 Which has tWo ports, selector 
circuits 31A and 31B for tWo ports each, and aligner circuits 
31A and 31B for tWo ports each. 

Further, the storage buffer 201 comprises a tWo port tag 
buffer 210, a tWo port comparator circuit 211, a tWo port data 
buffer 212, selector circuits 13A and 13B for tWo ports each, 
and aligner circuits 14A and 14B for tWo ports each; and it 
can process tWo load commands or tWo store commands 
simultaneously via the tWo ports A and B. 

Yet further, the cache memory 220 also comprises an 
input selector circuit 50 and an output selector circuit 51 for 
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tWo banks, bank X and bank Y Bank X and bank Y are one 
port cache memories, and each comprises a tag array 21, a 
data array 22, a comparator circuit 23, and a selector circuit 
24. The input selector circuit 50 selects one or the other of 
40A, 43A, 45A and 46A, and 40B, 43B, 45B and 46B, Which 
are the respective inputs of the tWo ports, port A and port B, 
of the cache memory 220, as the input Which is input to bank 
X or bank Y. 

After 42X, 44X and 42Y, 44Y Which are the outputs of 
bank X and bankY have been selected betWeen by the output 
selector circuit 51, they are output to the outputs 42A, 44A 
of port A and the outputs 42B, 44B of port B. 

Since bank X and bank Y only have one port, they cannot 
perform processing of load commands or store commands 
from port A and port B simultaneously, but, since they are 
able to operate mutually independently, it becomes possible 
to simultaneously perform tWo processing tasks, provided 
that accesses from port A and port B are limited to accessing 
different banks. If a bank con?ict is generated by accesses 
from the tWo ports trying to access the same bank, then it is 
necessary to make one or the other of these processing tasks 
Wait, Which entails an undesirable deterioration of perfor 
mance. 

In this connection, the tag buffer 210, the comparator 
circuit 211, and the data buffer 212 Which are comprised in 
the storage buffer 201 all have tWo ports, and are alWays able 
to process tWo accesses simultaneously. By contrast to the 
case for the storage buffer 201 Which can easily be made as 
a multi-port structure since the scale of its hardWare is 
comparatively small, it is not realistic to manufacture the 
cache memory 220 entirely as a multi-port structure, since 
its hardWare scale is by far the greater as compared With the 
storage buffer 201, and therefore it is usual to implement 
pseudo-multi-porting by dividing it into banks, as in the 
present example. 

In this case there is a major bene?t, because the reduction 
of generation of bank con?icts enhancing the performance. 
When a load command or a store command is issued via 

port A or port B, ?rst the storage buffer 201 is accessed. If 
a hit takes place in the storage buffer 201, processing both 
of a load command and a store command is terminated at 
this point, and the cache memory 220 is not accessed. 
HoWever, if a miss has occurred in the storage buffer 201 for 
a load command or a store command, the cache memory 220 
is accessed. In this case, if different banks are accessed via 
port A and port B, it becomes possible to perform processing 
from port A and port B simultaneously. HoWever, a bank 
con?ict is generated in the case of access from port A and 
port B to the same bank. In such a case simultaneous 
processing cannot be performed, and there is a reduction of 
processing capability, since one or the other of the tasks 
being processed must be forced to Wait. 

HoWever, if the hit ratio in the storage buffer 201 becomes 
high, the number of accesses to the cache memory 220 is 
reduced, and accordingly the ratio of generation of bank 
con?icts also diminishes, so that it becomes possible to 
reduce deterioration of performance. 

The distinguishing feature of this second preferred 
embodiment of the memory device of the present invention 
is that, if the cache memory 220 has been accessed due to a 
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load command, the load data thereof is stored in the storage 
buffer 201 via the signal line 44A or 44B. Since the hit ratio 
in the storage buffer 201 is elevated by this, the number of 
accesses to the cache memory 220 is reduced, and the 
remarkable improvement in e?iciency is attained of being 
able to avoid deterioration of performance due to bank 
con?icts. 

Furthermore, since access to the cache memory 220 
consumes a comparatively great amount of electrical poWer 
as compared to access to the storage buffer 201, by reducing 
the number of accesses to the cache memory 220, the 
e?iciency is attained of being able to diminish the consump 
tion of electrical poWer. 
What is claimed is: 
1. A memory device comprising a storage buffer Which 

temporarily maintains store data for a cache memory or a 
main memory, Wherein, if load data has been read out from 
said cache memory by a load command, said load data in 
stored in said storage buffer; and 

Wherein: 
When the load data Which have been read out from said 

cache memory by said load command is stored in 
said storage buffer, if a vacant entry exists in said 
storage buffer, said load data is stored in said vacant 
entry by said load command; 

if no vacant entry exists in said storage buffer, and any 
entries in Which load data is stored exist in said 
storage buffer, said load data is stored in any one of 
said entries by said load command; and 

if no vacant entry exists in said storage buffer, and no 
entries in Which load data is stored exist in said 
storage buffer, said load is not stored in said storage 
buffer by said load command. 

2. A memory device comprising a storage buffer Which 
temporarily maintains store data for a cache memory or a 
main memory, Wherein, if load data has been read out from 
said cache memory by a load command, said load data in 
stored in said storage buffer; and 

Wherein, When store data is stored in said storage buffer 
by a store command: 
if an entry exists in said storage buffer in Which store 

data or load data are stored of Which the address is 
identical to the subject address of said store 
command, then said store data is stored in said entry 
by said store command; and 

if no entry exists in said storage buffer in Which store 
data or load data are stored of Which the address is 
identical to the subject address of said store 
command, and a vacant entry exists in said storage 
buffer, and then said store data is stored in said 
vacant entry by said store command; and 

if no entry exists in said storage buffer in Which store 
data or load data are stored of Which the address is 
identical to the subject address of said store 
command, and no vacant entry exists in said storage 
buffer, and any entry exists in said storage buffer in 
Which load data is stored, then said store data is 
stored by said store command in any one of said 
entries in Which load data is stored. 


